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RESULTS OF CGIAMBRAGE EXPErtMENTS ON GINS
WITH EFFECTIVELY INFINITZ LE!GTH CHAMBERS

Preparsd by:

A. E. Seigel and V. C. D. Dwson

ABSTRACT: In previous work the effect of chambrage, the ratio c-' the
diameter of the propellant chamber to the barrel bore of a gun, hai been
analyzed theoretically. This analysis has been applied to a gin of
effectively infinite chamber length and of varying chamber diameters in
which the propellant is all burned before the projectile begins to move.
The present paper describes experiments perfo.xn-ed to check the theo-
retical results. These were conducted with two different length 0.50
caliber gun barrels and with chambers of various diameters up to 2.44
inches. Air was compressed in the chamber behind light plastic pro-
jectiles, which were released at the proper pressures. T'e projectiles
broke timing wires outside of the gun barrel, yielding projectile ve-
locities. The experim3ntal and theoretical results are in very good
agreement.
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TiLs repot prasents tho reaiucts of an ex-perimental study of F'un chambrage

(the ratio of the propellant r'hamber diameter to barrel bore) on the
muzzle velocity of guns. The experiments were performed on a simplified
gin system to which the theoretical results lescribed in NAVORD Reports
2691 and 3635 wers applicable. The ultimate aim of this study is to
obtain high gun velocities from an increase in our knowledge of interior
ballistics. The work was carried out under project No. FR-33-(54). The
authors are indebted to Dr. Z. I. Slaws-ky for his aid in designing these
experiments and also wish to express their thanks to Mr. C. Crist and
Mr. J. Fitzpatrick for their help in performing the experiments.

JOHN T. HAYWARD
Captain, 13N
Commander

H. H. KURZWEG
By direction
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RESULTS OF CKABRAGE EXPERMENTS ON GUNS
WITH UFTVELY INFININTE L•QT• CWA4BES

INTK DUOTION

I In ballistio caloulations tho offset of ohambrage, the ratio of the
diameter of the propellant chamber to the barrel bore, on the muszle
velocity of guns is usally taken into aeoount b7 assuming that the
actual ohamber oan be replaced by an equal-volume, imagined cýAmber of
oross-sectional area equal to the bore cross-sectional am. Experimen-
tal result. of gum firings are inoonclusive as to the validity of this
assumption.

2. In an effort to underatan4 the geometric eafect of chbage in gap,
theoretical work ws done on . simplified gun system with wall.dstermined
initial conditions. The results of the theoretical work are reorted
in rferenoes (a) and (b), wher a qualitative picture of the effect of
chambrage in guns, as well as quantitative results applicable to the
simp•ified gun system, are presented. In order to check the tbeoraial
results, ohambrage experiments were performed at the Naval Ordnance
laborator7. This paper presents the results of these experiments.

AM1OM THEOFrTICAL WORK

3.In referenoes (a) and (b) it is shown that the junotion between
uMrqual oross-seotional areas of the chambered gun gives rise to com-
pression impulses whioh inorease the projectile velocity. This increase
in projectile velocity is greater for the cases of large chambrage and
vanishes for the const.ant-cros-seotional-area gun.

4. The quantitative analysis of ohambrage was performed for the following
conditionsI

a. The ohtaber and the bore are cylindrical.

b. The propellant gas is all burned ant at rest at known pressure
and temperature before the pr3jectile begins to move.

a. The propellant gas in an ideal gas, and each part expands
isentropioally.

d. The chamber is of sufficient lengoth so that the breech has no
effect ad the projectiie motion.

,hus, by (b) and (d) above tVe effects of the propellant burning during
firing and of tho breach arri not present (but the influence of ohambrage

GONFIDNTIAL
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is). The change of otate of the propellant gas in pasing thriugh tho
trarnsition section between the chamber and bnrr-l bore was obtained by
applAng the steady state equationa of continuity and ener-y. One-
di4monional unsteady flow was assumed in all other parts of the gun.

5. With the above aessiptions, the influence of chambrage is calculated
in references (a) and (b) T1,e tee. 'optimum chamlr-ge" designates an
inrLit, ratio of chamber dLiametar to tarrel bore. It is shown that this
most favorable condition of nhambrage 7iolda a marimu pomssible projec.
tile velocity for given values of projectile mass, projectile travel,
bore cross-sectional area, propellant g•: sound velocity, and peak gas
pressure. Ourves of the dimensionless projectile velocity versus
dlaeusionless travel for the optimus-chambae un and ror the constant-
diawater gun (i.e., with chambrage equal to one) are shown in Figure 1
(t•akn from reference (a)). The propellant gas was asse.ted to have a
specifte beat ratio '} u 1.4.

6. T'he oapti -obambrage ga gives velocities which can be as m•.oh as
28 per•ent higher than those given by the con3tant-diameter gun for a
I5 a 1.4 gas. Reference (b) demonstrates that the velocity increase,

expressed as a peroentage of the maximum possible velocity increase
above that for no chambrage, is a function of the chanmber-to-bore
diameter ratio, DjD/, This relation is shown in ?igiu, 2 ti the sol.id

Sline. For sematle, it it seeai from this figure that tot' a gun with
equal to 1.5, 50 percent of the possible chambrage increase is

a eved.

DESIGN OF 7HE ýZPEFIVE1?

S 7. From the theoretical analysis it is evident that the muzzle vIlocity
is a fmaction of chambrage and the gun system parameter, pokz/•o , onlY.
This makes it possible to simulate 60,000 psi propellant behavior by
perftoming experiments with low-pressure air. Further, lc-pressure air
is approxl=tely an ideal gas; and the theoretical analysis assaes a
propellant gas which is ideal.

S. lAboratory guns wrih various degrees of chambrage were constructed.
To insure etfectively equilibrium conditions, the low-pressure air at
room temperature is bled very slowly into the chamber. The projectile
is releasec at the desired pressure by the rupturp of a shear disc made
integral with it. Miizzle velocities are obtained by the breaking of
timing screens outjide 'f thi run by the nroJectile.

9. Since the theory -redicts that the effect of chambrage is relatively
large only Vor nuzzle velocities more than about 1.5 times the sound
speed in the lindisturbod propellant gas, a barrel length and projectile
mass we" chosen to give muzzle velocities about two times this sound
speed (see Figures 1 and 2,. After the barrel length was Icnown, the
chamber le•r,, was chosen as follows: Picturing the gas expAnsion as a

2
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transient traveling wave phenomenons one sees that the maximum useful
chamber length is that which just permits the rarefaction front gen.
eOated at the beginning of projectile motion to overtake the projec=
tile at the mussle after having been reflected at the breech. This
length was obt~ained from rerreance (b) (where it was designated as the
effectively infinite length), and the chambers were made considerably
longer.

DMFRIPTION OF MWI•MENTAL APPARATUS

10. The test scheme ms to use the shear-type projectile mentiozod
above, whiob ruptured at approximately 3,000 psi of air at room
temperature. Supersonic velocities (referred to the sound speed in
the undisturbed propellent gas) were obtained by limiting the projec-
tile weight to approximately 1 gram. l•ive chambers of different
diameter were used in the testli in conjunction with two barrels having
different lengths of travel. It ws thus possible to have ten dif-
ferent firing conditions. Approximately ten rounds were fi'ed with
each combination. Muszle velocity n3 determined by a chronognaph
system consisting of three screens, which operated two electronic
counters. The projectile we caught in a butt from which it was
recovered and weighed.

UI. Figures 3 - 6 are pictures of the experimental apparatus.
Chamber diameters of 0.52n", 0.5750, 0.75", 1.125", and 2.44" were used.
The length of each chamber was somewhat over 16 inches to insure that
no reflected rarefaction would reach the projectile before shot ejection
(see Figure 7 for sohematic drawing). Both barrels had smooth bores

and were 0.5204 in diameter. Their lengths were 77.5 n. and 42.5 cm.

12. Figure 3 .hows the 77.5 m. barrel mounted in the 1.125" chamber.
A steel nut ns used to join the chamber and barrel. On the chamber
side of this nut a 600 included angle was machined to facilitate smooth
flow of the air in this section (Figure 7).

13. Figure 4 bhows a disassembled view of the 1.125" chamber. The
tube shown in the foreground is the 0.75" chamber, which was so con-
structed that it fit snugly into the 1,125" chamber, beiag anchored

.at the front by the nut and in the back by the spiral spring shown in
the picture. Two projectiles are also shown in this rigure. These
were designed as 9hown in Figare 7. Part 1 fit into the barrel, which
was then screwed Lnto the nut tight enough so that Part 2 seated against
an "0' ring and sealed the chambsr. At about 3,000 psi the projectile
sheared, leaving a ring (Part 2) in the gun chanher, while Ptrt 1,
weighing approximately 1 grai, acted as the projectile. The prnjeotilee
were constructed from a linen-base phenolic plastic.

14. The loading we qcnompllshed hy h1•Jlin7 Asr fror a 15" osi
supplyr bottle into an air-operated comprtssor, which compressed it

3
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slowly into the chamber (see Itgures 5 and 6). Control of the rate ot
feed ms maintained by suitable valves.

15. Figure 5 shows two of the arrangements is, To thm virht is the
0.575" chamber ant 42.5 or. bnrrel, and to the left is the 2.441
chamber and 77.5 cm. barrel, The conpres.or as: ears in the center,
In front nf the largpr chamber the ohranngrph can be seen. This
consisted of an aluminum frame on which the thrne screens were mnunted.
These screens were spaced at 50 am. intervals, the rirst being placed
50 am. fro the muz.le of the gun. The screens were a fine rrade of
light drafting paper upon which a printed grid was malt with silver
conducting paint. When the screens were punctured by the bullet, the
electrical continuity ws interripted and the counters were orTerated
in proper sequence.

PROCEDURE FOR FIRIN

16. Thd shear-type projectile was placed in the barrel, which was
then screwed into the nut attached to the chamber. Air was bled
slowly from the supply bottle, compressed by the %ir compressor, and
fed to the chamber, At about 3,1M0 psi, the design shear pressure,
the projectile would shear and travel down the barrel. During free
flight it would break the screens and operate týe counters, and it
would finally core to rest in the btt. Teoperture was read auring
the pumping process, and the bullet weight ws measured after firing,
so that a1l of the pa:asmetere were determined.

MEOD Of kNALYSIS

17. For each of the ten sets of firings made, the initial pressure
(P ), bore area (A), length of travel (x), and room temperature wmrs
ail deteruinud at the tire of firing. The mass of nrojeoctile (M) was
de.ermined by weighing after each set of tests. Prom the temperature
it me possible to oalculate the initial s'vund velocity (a ), or the
impetus, which is proportional to a 2. In addition, the c8 unter read-
ings provided the average velocity at 75 cm. (u ) and 125 ca. (u 2 )
the muszle. It was thus possible to plot dirmcily ul/ao vs (poAxi/Ma-
for all the tests.

18. Sinoe uI and u2 x-re botr Known, an approximate drag coefficient
could b determined and the muazle velocity (um) calculated. For a
given set of firings u and u. were averaged, and a drag coefficient
based on this average ias detirmined and roughly checked against drag
cci.fi.-ilente of blunt-nosed missiles. ?igure 11 Is a plot of the
experimental drag coefficient vs Mach number. The correctinn for dra;
was made as outlined in Appendix I. This experimental value of drag
coefficient was then used to calculate the averaga mi•,le velocity

4
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(u-) based upon the averýe eperimental velocity at 75 oem. (ul) for
each lot of firings.

19, It was thus possible to plot us/a. vs (P Ax/A 2) for each set.
This provided ten points, representing the teo possble combinAtions
of barrels and chambers. The points for each size chamber (e.g., 0.758
chamber, 42.5 cm. barrel; and 0.751 chamber, 77.5 am. barrel) were joined
by a straight line to give curves of um/ao v (P) with chamber
diameter as parameter.

20. Dy using the Tesults given in reference (1), a curve of
um/a, vs (P 0NA"/ ) can be obtained for the uase of optimum ohambrage
and also for that of uniform bore. These curves hold for vacuum ahead
of the projectile and must be corrected for the experimental conditions.
This ws accomplished by calculating the back pressure effect of the air
in the barrel in front of the projectile.

21. The pressure ahend of the projectile can be calculated ', use of
the method of aharacteristics. The unsteady characteristic esuations
with terms to account Por the entropy change are uiel -ith the shook
equations in a step-by-step nramerioal oimputation. This cmIculation
was done for a oonstant-diameter gun with initial conditions the same
as those of the experim-nts reported here. (The details or this cal-
oulation will be given in a future repcort.)

22,. It ws found from thm calculation that the pressure-velocity
relation ror the air directly in front of the projectile in this case
of relatively low Mach number is approximately the same ai for unsteady
compression without shocks or reflected impulses:

where-Pis the pressure in atmospheres in front or the projectile,
4is the projectile velocity, and dt is the inititl sound velocity

of the air in the barrel. The above pressure-velocity -elation was used
to account for the effect of the resistance of the air in the barrel
on the projectile in the chambered guns.

23. By applying a correction for air resistance to the theoretical
curves, it is possible to coipare them dlrectly with the experimental
one as plotted on a um/ac vs (PoAX/Iao 2) a I graph. If this is done,
it is found that the experimental curve for a uniform bore falls 'below
the theoretical one. This is to be expected, s9nce friction and gas
leaakge are ignored in the theoretical considerations.

24. It is, therefore, necessary to make some correction for friction.
If it is assumed that friction fnrice is a function of velocity or a
functior of propelling pressura, since the range in velocities qnd
propelling pressures is relatively small ror a given I (and, therefore,

r.

5
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in ihie ý.ise a given harrel), it seems re.aorAble thnt the friction
effect is approximately the same for all chamiers fired with the same
initial oondit.tons and the same length barrel.

MDULTS

25. Figure 8 is a plot of ul/ao vs (P AX/k 2) as determined directly
from the "zperimentaý data. Each strafght aneo* represents the same
oheAber and wes fitted to the data on the basis of the least mean square
oaloulation, The protable error in the experimental values is about
0.02 i. ul/ao. The 'Affeot of inorasian diameter is clearly apparent.
The data presented in Figure 9 were obtalied by taking the average
values of the points given in Figure 8 anv correcting them for drag
lose in order to obtain muszle velocity um.

X. 26. The next step was to correct the curves given in Pure 9 ror bore
friotion. This was done by sheftiV the experim4ental uniform boreP curve into coincidence with the theoretical ourve.?* he samq correction
for friction was then applied to the expsrimental results for all
chambers. The resulting curves are given in Figure 10.

27. By the use of Figure 10 the velocity increase due to chambrars
can be plotted against diameter ratio. The increase is plottel in
"ft•ige 2 in terts of percentage of the maximum possible incirease for

Iv values of 2 a 10 and 2 = 20.

C-ONCL=90~ REMARKS

28•. The satisfactory agrement between the experimental and theo-
retical results (see figure 2) indicates that the assumptions used in
the theory are valtd. Thus, the use of the steady stits equations
at the junction ¾-etween the chamber and bore seems justified.

Wi 29. It is to be emphasized that the conditions for which this study
is applicable are not satisfied by conventional guns, inl caution must

*The theory indicated that these lines, instead of being straight, are
actually curved. In the range under consideration, howser, this curva-
ture is small and a straight line approximation is within the accuracy
of the data.

SProm previous results with an experinental urniform-bore gum of the
type used here, it w•s found that differences between the experimental
and theoretical projectile behavior could be attributed to friction
•etween the projectile and the barrel (see reference (c)).

'F 6
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be exercised in the application of theis reoiilts to such guns. ?or
conventional guns (i.e., in which the propellant burns during the
projectile motion) the velocity gain from chambrmge can be less or
more than shown in Pigure 2, depending on the rate of burning of the
propellant. 4ith the aid of Appendix IV of reference (a), it can be
demonstreted that for a conventional gun, in which the propellant
burns so as to maintain a constant peak chamber oressure during the
propellan%. motion, the maximum velocity gain over a gun with no ohamb-age
is about 7 percent. This percent velocity gain is smaller than the 28
percent obtainable from a preburned propellant in a gun of the type
considerid here; the smaller -ain is lue to the fact that the oun-
ventional gun can achieve a pressure-sustaining effect behind the pro-
jeotile from the continued burning of the pronea'ant, thus leaving less
room for gain from ohambrays. This pressure-sustaining effect Irom
continued burning is more and more lifficult to obtain as orojectile
velocitie. are incraised (because of the high rates of birning required
to maintain the chamher pressure), but a nrrssur-sustaining effect
from chambrage is obtainable nt high velnociims. Thus, thu ise of
chambrage is particularly advantageous in high-velooity conventional
guns.* HAVORD Resort 3717 (in preparatinn) givis 'in anproxinate oethod
of treating chambrage in oonventional -in UlaCuIhtions.

30. The conditions of preburned propellant nn, Ion; chnmbr for which
this study is applicable are approachid in sore. tinorthodluc runs. Such
guns are now in use by the Aeroballistic Raesi-irh ie)nartrent of the
Naval Ordnance Laboratory. The results C this stlidy are being applied
directly to these ;rnh.

*Note that this liscussion asgures that the nrtr'ellsnt hurns only in the
chambsr; if -inburned propellant is nushed along +hq barrel and then is
burned, an additional p"essure-sustainring effect behind the projectile

: reaUlt3,
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Fugidamental Phenomena Oncurrin.- During GOin Firing,"
NAVORD Report 2691.

(b) Seigel, A. E., "Th# Influence of 0hsm'er Diam-otr 3ize on tho
Muzzle Velooity of a Gun With Effctively an Inlinite Langth
Chamber," NAVQRD Roport 3635.

(o) Seigel, A. E., The Rainid Extansion of Catirls•ed Galos Bohind a
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SU1n.rl

L

• 8I0
. ~CON•I Di;,TIAL



(.ON• Q£YnA
NAVORD Report 3636

,•P•zDI x I

Sun lmt screen 2nd noreen 3rd aoro'n

I XI

Symbols

U1 - Average velocity over r-nge xI - x.

u2 - Average velocity over range x2 - x1

UM - Muzzle velocity

f - Air Densit7

d- Drag ooeffioisnt

A - Area of bullet

M - Mass of bullet

The deceleratinn or the prolectile in free flight is

Letting 1~=~f~ and as iring Cd i3 conutant over the range
considered,

where subscriot "a"
S= -- ±� ~V refers to any ref'-

XL arenme point.

and .J~L I.
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In connection with tho oxperimarotal firings, uix ini u2 are known
from the countor 7-adin"s. Tharef'on,

+$- iL.L

S~~Since eVel~,•n,- .L •'a.'vm on tho right aide O• this equ~ation, i

•;lcan be r.aIculated. 'i~zr It ?3r~esents the best str'aight l±ine
•,l ~ ~~through the ,'• values oalculn~ted froim thn e-er-i-,ontso , et
,•- by uan ths value oV • t~tn f~rom this curve, it is nosaible to

Sobtain tho nuzzle velocoity, since

ic In all of the , Frirntnal f11ra xo= 5'e the, i - i00 sr h , line

by l-"150 cm. Therefore,
obai =h uzevlý-tsince
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